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[57] ABSTRACT

A silver halide color photographic light-sensitive mate- -
rial comprising a support having thereon a blue-sensi- -
tive silver halide emulsion layer, a green-sensitive silver

halide emulsion layer and a red-sensitive silver halide

emulsion layer, at least one of these silver halide emul-
sion layers containing a non-diffusible coupler which
forms a properly smearing diffusible dye upon reaction
with the oxidation product of a color developing agent
together with a monodispersed silver halide emulsion.
The silver halide color photographic light-sensitive
material provides color images having not only an im-
proved RMS granularity but also an improved visual
sensation of graininess.

14 Claims, 2 Drawing Figures
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SILVER HALIDE COLOR PHOTOGRAPHIC
LIGHT-SENSITIVE MATERIAL

FIELD OF THE INVENTION
The present invention relates to a silver halide color

4,536,472

photographic light-sensitive material and more particu-

larly to a silver halide color photographic light-sen51-
tive material for photographmg having 1mproved grain-
Iness.

BACKGROUND OF THE INVENTION

Recently, there has been increasing popularity of
‘small format cameras and the color photographic en-
largement prints are often formed from a small-sized
picture image of color negative films. Therefore, color
photographic materials having further improved graini-
ness and reso]ving power have been desired.

The grammess of a color image can be 1mproved by
increasing the number of silver halide grains and by
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making dyes formed by color development indefinite as

described in T. H. James, Theory of the Photographic
Process, 4th Ed., pages 620-621. However, the attempt
at increasing the number of silver halide grains while
maintaining a high photographic sensitivity requires an

25

increase in the amount of coated silver and causes a

- reduction in resolving power. Thus this attempt is dis-
advantageous in view of cost and photographlc proper-
ties. |
The attempt at 1mpr0vmg graininess by diffusion of
dyes 1 Improves the RMS (root mean square) granularity
by using so-called dye diffusible type couplers as de-

30

scribed in British Patent No. 2,080,640A but this

- method gives an unpleasant v1sua1 sensation as de-
‘scribed hereinafier.

The inventors have made various investigations with

respect to improving graininess and have found the
- following. When a non-diffusible type coupler which
forms a properly smearing diffusible dye (hereinafter,
- the non-diffusible type coupler is simply referred to as a
dye diffusible type coupler) is employed, the so-called
RMS granularity (the RMS granularity is described in
T. H. James, Theory of the Photographic Process, 4th Ed.,
page 619) is greatly improved. However, the position-
ing and development probability of silver halide parti-
cles occur in random course, the dye diffuses to smear
‘the mixes with the neighboring dye or dyes, whereby
the overlap of dye clouds becomes larger, thus ran-
domly forming huge dye clouds. This is visually very
unpleasant and the visual sensation of graininess is
sometimes deteriorated.

SUMMARY OF THE INVENTION

Therefore, an object of the present invention is to
provide a silver halide color photographic light-sensi-
tive material having both improved RMS granularity
and improved visual sensation of graininess.

Other objects of the present invention will be appar-
ent from the following detailed description and exam-
ples.

As the results of various investigations on improving
the visual sensation of graininess, it has now been found
that by using a dye diffusible type coupler together with
- a monodispersed silver halide emulsion, the foregoing
unpleasant visual sensation is eliminated and a color
photographic material having excellent visual graini-
ness and RMS granularity can be provided.
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That 1s, according to the present invention, there is
provided a silver halide color photographic light-sensi-
tive material comprising a support having provided
thereon a blue-sensitive silver halide emulsion layer, a
green-sensitive silver halide emulsion layer, and a red-
sensitive silver halide emulsion layer, at least one of
these silver halide emulsion layers containing a non-dif-
fusible coupler which forms a properly smearing diffus-
ible dye upon reaction with the oxidation product of a
color-developing agent together w1th a monodispersed
silver halide emulsion.

BRIEF DESCRIPTION OF THE DRAWINGS

'FIG. 1 is a graph showing the Wiener spectra of
magenta images of samples 101, 102, and 103. .
~ FIG. 2 1s a graph showing the Wiener spectra of cyan
images of samples 101, 202, and 203.

DETAILED DESCRIPTION OF THE
INVENTION

When a dye diffusible type coupler is used, equal
amounts of dyes diffuse into the periphery of each dye
cloud creating a dye cloud having a small distribution of
density and a large area (hereinafter referred to as a
diffusion type dye cloud). The granularity of an image

- obtained using such a dye is expressed by the so-called

RMS value, and an improved value is obtained. How-
ever, since the dye clouds become larger as described
above, the dye clouds overlap each other. Therefore,
when the granularity is expressed by the so-called Wie-
ner spectrum (see, T. H. James, The Theory of Photo-
graphic Process, 4th Ed., page 621), the value of express- -

ing the granularity at a low frequency portion thereof

becomes somewhat higher when using the dye diffus-

ible type coupler (the lower the value, the better the

granularity). For example, in FIG. 1, at the portion .

- where spatial frequency U is less than 5, the curve for

Sample 102 is disposed above the curve for Sample 101.
This means that in visual sensation large mottles com-

posed of several dye clouds are seen. Actually, the use
of a dye diffusible type coupler gives a very unpleasant -

- visual sensation and gives the appearance that the grain-
mess 1s bad whereas the value of the granularity ex-

pressed by the RMS value becomes better.

When a monodispersed silver halide emulsion is em-
ployed in such a system, the foregoing diffusible type
dye clouds become smaller while keeping the same
shape. This results in reducing the overlap of the dye
clouds with each other to reduce the value of the Wie-
ner spectrum at the low frequency portion. In other
words, by the utilization of the monodispersed silver

halide emulsion, large mottles are not visualized,

whereby the visual sensation of graininess is improved.

As described above, in the present invention the vi-
sual grainmness of a silver halide color photographic
light-sensitive material is greatly improved by using the -
dye diffusible type coupler and the monodispersed sil-
ver halide emulsion.

The dye diffusible type couplers used in the present
invention include compounds represented by the fol-
lowing general formula (1);

(Cr—Xq (1)

wherein Cp represents a diffusible coupler moiety

“which 1mproves the granularity by causing proper

smearing of the dye image; X represents a group which
is bonded to the coupling position of the coupler moiety



4,536,472

3

and is released by the reaction with the oxidation prod-
uct of a color developing agent, the group being a moi-
ety including a ballast group having from 8 to 32 carbon
atoms; and a represents 1 or 2.

The amount of the dye diffusible type coupler to be
added is from 0.005 mole to 0.2 mole, preferably from
0.01 mole to 0.05 mole, per mole of silver.

Of the couplers represented by the general formula
(1), couplers represented by the following general for-
mulae (I) and (II) are preferred.

()

CHj;

|
CH3—C—COCHCONH

I |
CHj3

XF

(1I)

~COCHCONH

|
Xl‘

Rj

wherein Ry, Ry, R3, and R4, which may be the same or
different, each represents a hydrogen atom, a halogen

- . atom, an alkyl group (e.g., 2 methyl group, and ethyl
- group, an isopropyl group, a hydroxyethyl group, etc.),

~ an alkoxy group (e.g., a methoxy group, an ethoxy
group, a methoxyethoxy group, etc.), an aryloxy group
~ (e.g., a phenoxy group, etc.), an acylamino group (e.g.,
an acetylamino group, a trifluoroacetylamino group,
etc.), a sulfonamino group (e.g., a methanesulfonamino
group, a benzenesulfonamino group, etc.), a carbamoyl
group, a sulfamoyl group, an alkylthio group, an alkyl-
sulfonyl group, an alkoxycarbonyl group, a ureido
~ group, a cyano group, a carboxy group, a hydroxy

. group or a sulfo group, the total number of the carbon

_.atoms included in Rj, R3, R3 and R4 not exceeding 10;

and X' represents a group which has a so-called ballast

- group having from 8 to 32 carbon atoms rendering the
coupler non-diffusible and can be released by coupling
with the oxidation product of an aromatic primary
amine color developing agent. More specifically, X' can

be represented by the following general formula (II1) or
(IV):

(I1I)

(IV)

wherein A represents an oxygen atom or a sulfur atom;
B represents a non-metallic atomic group necessary for
forming an aryl ring or a heterocyclic ring; E represents
a non-metallic atomic group necessary for forming a
S-membered or 6-membered heterocyclic ring together
with the nitrogen atom, provided that each of these
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rings may be further fused with an aryl ring or a hetero-
cyclic ring; D represents a ballast group; and b repre-
sents a positive integer, provided that when b is the
plural number, Ds’ may be the same or different and the
total number of the carbon atoms included therein is
from 8 to 32, and further that D may have a bonding
group such as —O0—, —S—, —COO—, —CONH—,
—SO;NH~, —NHCONH—, —S0O—, —CO—,
—NH—, etc.

Other preferred examples of the couplers represented

by general formula (I) are couplers represented by the
following general formulae (V), (VI) and (VII):

(V)

(V1)

(VII)

wherein Rs represents an acylamino group (e.g., a
propanamido group, a benzamido group, etc.), an
anilino group (e.g., a 2-chloroanilino group, a 5-
acetamidoanilino group, etc.), or a ureido group (e.g., a
phenylureido group, a butaneureido group, etc.); Rgand
R7each represents a halogen atom, an alkyl group (e.g.,
a methyl group, an ethyl group, etc.), an alkoxy group
(e.g., a methoxy group, an ethoxy group, etc.), an acyl-
amino group (e.g., an acetamido group, a benzamido
group, etc.), an alkoxycarbonyl group (e.g., a methoxy-
carbonyl group, etc.), an N-alkylcarbamoyl group (e.g.,
an N-methylcarbamoyl group, etc.), a ureido group
(e.g., an N-methylureido group, etc.), a cyano group, an
aryl group (e.g., a phenyl group, a naphthyl group,
etc.), an N,N-dialkylsulfamoyl group, a nitro group, a
hydroxy group, a carboxy group, or an aryloxy group;
f is O or an integer of 1 to 4, provided that when fis 2 to
4, R¢s’ may be the same of different, and further that the
total number of the carbon atoms included in Rs5 and
(R¢)rin the general formula (V) or (VI) and the total
number of the carbon atoms included in Rgand R~1n the
general formula (VII) should not exceed 10; and X"

represents a group represented by the following general
formula (VIII), (IX) or (X):



(Rg)g (VIID

=S8Ry (1X)

N (X)

\=?—<R8’g’
- wherein g 1s an integer of 1 to 5; g’ is an integer of 1 to
3; and Rg represents a substltuted or unsubstituted alkyl
group (e.g., a butyl group, a dodecyl group, etc.), a
substituted or unsubstituted aralkyl group (e.g., a benzyl
~group, etc.), a substituted or unsubstituted alkenyl
group (e.g., an allyl group, etc.), or a substituted or
unsubstituted cyclic alkyl group (e.g., a cyclopentyl
group, etc.), the substituents for the foregoing groups
including a halogen atom, an alkoxy group (e.g., a but-
~OXxy group, a dodecyloxy group, etc.), an acylamino
group (e.g., an acetamido group, a tetradecanamido
group, etc.) an alkoxycarbonyl group (e.g., a tet-
radecyloxycarbonyl group, etc.), an N-alkylcarbamoyl

- group (e.g., an N-dodecylcarbamoyl group, etc.), a
~ ureido group (e.g., a tetradecylureido group, etc.), a

10

&

~included in G and G’ is from 1 to 12 in the formula -
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eral formula (XIV), a ureido group represented by the
tollowing general formula (XV), or a carbamoyl group |
represented by the following general formula (XVI):

- =NH—CO—G (XIII)
—NH=—S0;—G (XIV)
—NHCONH-—G (XV)

G (XVI)
- _
—CON

N\
Gf

‘wherein G and G’, which may be the same or different '

and i which the total number of the carbon atoms

(XVI), each represents a hydrogen atom (excluding the

* case that both G and G’ in the formula (XVI) are hydro-

20
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- Cyano group, an aryl group {e.g., a phenyl group, etc.),

‘a nitro group, an alkylthio group (e.g., a dodecylthio
group, etc.), an alkylsulfinyl group (e.g., a tetradecylsul-
finyl group, etc.); an alkylsulfone group, an anilino

group, a sulfonamido group (e.g., a hexadecanesul-

fonamido group, etc.), an N-alkyisulfamoyl group, an
aryloxy group, or an acyl group (e. 8., 2 tetradecanoyl
group, etc.), provided when g or g’ is 2 or more, Rg’s

- may be the same of different and the total number of the

carbon atoms included in (Rg)y’ of the formula (X) is
from 8 to 32.

- Still other preferred examples of the couplers repre-
‘sented by the general formula (I) are couplers repre-
sented by the following general formulae (XI) and

(XII):

OH

(XI)
Ris Ro
Ri2 Rij
' Xl‘.ﬂ'
Ris Ris OH (XIII)
| ,\\" 1‘.. R1o
i
J
\ , |
/ R I' Ri)
Ri?

- wherein Ry represents a hydrogen atom, an aliphatic
- group having up to 10 carbon atoms (e.g., an alkyl
~ group such as a methyl group, an isopropyl group, an
amyl group, a cyclohexyl group, an octyl group, etc.),
an alkoxy group having up to 10 carbon atoms (e.g., a
methoxy group, an isopropoxy group, a pentadecyloxy
group, etc.), an aryloxy group (e.g., a phenoxy group, a
p-tert-butylphenoxy group, etc.), an acylamido group
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gen atoms); an aliphatic group having from 1 to 12
carbon atoms, preferably a straight chain or branched
chain alkyl group having from 4 to 10 carbon atoms or

a cyclic alkyl group (e.g., a cyclopropyl group, a cyclo- |

hexyl group, a norbornyl group, etc.); or an aryl group

{e. g2 phenyl group, a naphthyl group, etc.). The fore-

gomg alkyl group and aryl group may be substituted

- with a halogen atom (e.g., a fluorine atom, a chlorine

atom, etc.), a nitro group, a cyano group, a hydroxy

- group, a carboxy group, an amino group (e.g., an amino

group, an alkylamino group, a dialkylamino group, an
antlino group, an N-alkylanilino group, etc.), an alkyl
group (e.g., the alkyl group as described above), an ary! -
group (e.g., a phenyl group, an acetylamino phenyl
group, etc.), an alkoxycarbonyl group (e.g., a butylox-

‘ycarbonyl group, etc.), an acyloxycarbonyl group, an

- amido group (e.g., an acetamido group, a methanesul-

45
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fonamido group, etc.), an imido group (e.g., a suc-
cintmido group, etc.), a carbamoyl group (e.g., an N,N-
diethylcarbamoyl group, etc.), a sulfamoyl group (e.g.,
an N,N-diethylsulfamoyl group, etc.), an alkoxy group
(e.g., an ethoxy group, a butyloxy group, an octyloxy
group, etc.), an aryloxy group (e.g., a phenoxy group, a

‘methylphenoxy group, etc. ), etc. Ro may also has an N

ordinary substituent in addition to the foregomg substit-
uent.

- Rjprepresents a hydrogen atom or an aliphatic group
having up to 12 carbon atoms, in particular an alkyl
group having from 1 to 10 carbon atoms, or the carbam-
oyl group represented by the foregoing general formula .

(XV).

Ri1, R12, Ri3, Risand Ryseach represents a hydrogen
atom, a halogen atom, an alkyl group, an aryl group, an
alkoxy group, an alkylthio group, a heterocyclic group,
an amino group, a carbonamido group, a sulfonamido
group, a sulfamoyl group, or a carbamoyl group. More
specifically, Rii, R12, R13, Ri4 and R15 each represents
a hydrogen atom, a halogen atom (e.g., a chlorine atom,
a bromine atom, etc.), a primary, secondary or tertiary
alkyl group having from 1 to 12 carbon atoms (e.g., a
methyl group, a propyl group, an isopropyl group, an
n-butyl group, a sec-butyl group, a tert-butyl group, a

- hexyl group, a dodecyl group, a 2-chlorobutyl group, a

65

represented by the foliowing general formula (XIII), a

sulfonamido group represented by the following gen-

2-hydroxyethyl group, a 2-phenylethyl group, a 2-
(2,4,6-trichlorophenyl)ethyl group, a 2-aminoethyl
group, etc.), an alkylthio group (e.g., an octylthio
group, etc.), an aryl group (e.g., a phenyl group, a 4-
methylphenyl group, a 2,4,6-trichlorophenyl group, a
3,5-dibromophenyl group, a 4-trifluoromethylphenyl



. group,
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a 2-triﬂu0romethy1phenyl group, a 3-tri-
fluoromethylphenyl group, a naphthyl group, a 2-
chloronaphthyl group, a 3-ethylnaphthyl group, etc.), a

~_ heterocyclic group {e.g., a benzofuranyl group, a furyl
“group, a thiazolyl group, a benzothiazolyl group, a

naphthothiazolyl group, an oxazolyl group, a benzoxaz-
olyl group, a naphthoxazolyl group, a pyridyl group, a

quinoly! group, etc.), an amino group (e.g., an amino

group, a methylamino group, a diethylamino group, a
dodecylamino group,

~group,  a

group, a 2,4 6-tr1chlor0phenylcarbonam1do gmup,

4-methylphenylcarbonamido group, a 2-ethoxyphenyl-
carbonamido . group,  a naphthylcarbonamido group,

etc.: a heterocyclic carbonamido group such as a thia-

zolylcarbonamido group, a benzothiazolylcarbonamido.

group, a naphthothiazolylcarbonamido group, an ox-
azolylcarbonamido group, a benzoxazolylcarbonamido
group, an imidazolylcarbonamido . group,
zimidazolylcarbonamido group, etc.), a sulfonamido
- group (e.g., an alkylsulfonamido group such as a butyl-

sulfonamido group, a dodecylsulfonamido group, a

phenylethylsulfonamido group, etc.; an arylsulfon-

- amido group such as a phenylsulfonamido group, a
2,4,6-trichlorophenylsulfonamido group, a 2-methoxy-

phenylsulfonamido group, a 3-carboxyphenylsul-

fonamido group, a naphthylsulfonamido group, etc.; a

a phenylamino group, a
tolylamino group, a 4—cyanophenylam1no group, a 2-tri-
. fluoromethylphenylamino |
thiazolylamino group, etc.), a carbonamido group (e.g.,
an alkylcarbonamido group such as an :ethylcar,-_

a ben-

8
—CONH—, —CO00—, —SO;NH—, —S0—,
S0, —co—,
o
|

10

benzo-

an 15

20

25

30

heterocyclic sulfonamido group such as a thiazolylsul-

. fonamido group, a benzothiazolylsulfonamido group,

- an imidazolylsulfonamido group, a benzimidazolylsul-

fonamido group, a pyridylsulfonamido group, etc.), a
sulfamoyl group (e.g., an alkylsulfamoyl group such as

a propylsulfamoyl group, an octylsulfamoyl group, etc.;

an arylsuifamoyl group such as a phenylsulfamoyl
group, a 2,4,6-trichlorophenylsulfamoyl group, a 2-
‘methoxy phenylsulfamoyl group, a naphthylsulfamoyl
group, etc.; a heterocyclic sulfamoyl group such as a
thiazolylsulfamoyl group, a benzothiazolylsulfamoyl
group, an oxazolylsuifamoyl group, a benzimidazolyl-
sulfamoyl group, a pyridylsulfamoyl group, etc.), or a
carbamoyl group (e.g., an alkylcarbamoyl group such
as an ethylcarbamoyl group, an octylcarbamoy! group,
etc.; an arylcarbamoyl group such as a phenylcarbam-
oyl group, a 2,4,6-trichlorophenylcarbamoyl group,
~ etc.; a heterocyclic carbamoyl group such as a thiazo-
lylcarbamoyl group, a benzothiazolylcarbamoyl group,
an oxazolylcarbamoyl group, an imidazolylcarbamoyl
group, a benzimidazolylcarbamoyl group, etc.).

J represents a non-metallic atomic group necessary
for forming a 5-membered or 6-membered ring such as
a benzene ring, a cyclohexene ring, a cyclopentene ring,
a thiazole ring, an oxazole ring, an imidazole ring, a
pyridine ring, a pyrrole ring, etc. Of these rings a ben-
zene ring is preferred.

X'" represents a group which has from 8 to 32 carbon
atoms, is bonded to the coupling position through

O—, —S—, or —N=—N—, and 1s released upon cou-
pling with the oxidation product of an aromatic primary
amine color developing agent. Preferably, X' repre-
sents an alkoxy group, an aryloxy group, an alkylthio
group, or an arylthio group, each group having from &
to 32 carbon atoms. These groups may further contain a
divalent group such as —QO—, S—, —NH—,

o
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etc. It is partlcularly preferred that these groups have a
group capable of being dissociated with an alkali, such

as —COOH, —SO3H, —OH, —-SOzNHz, etc. More-

over, it is possible to render the coupler substantially
" non-diffusible by combmmg Rg, Rio, Ri1; Ri2, Ri3, Rya,
~ Riys, and X"
~ Specific examples of the dye dlffu31ble type couplers .
- are shown below, but the present invention should not
be construed as belng limited thereto.

3=
I I
CH; O

NHSO;CHj3 Y-2

. | (I_“,H3_ |
CH3——C-—COCHCONH '

CH3 -
i OC6H33

02

SO>NH> Y-3

CH-

;
CH3—C—COCHCONH

CH3
COOC2H3s

CH3 Y-4

|
CH3 -—C-—COCHCONH

i CisHziy

&p)

SO3NH»
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-continued

COCHCONH-

O

SO2NH

CH3

|
CH3—C— COCHCONI—I

|
CH3

C14H290

xi— 7,-* - Cl
CgHs

CH3

|
CH3—C—COCHC0NH

|
CH3

QV’

CHgCHC4Hg -

NHCOCH,CH>COOH

COOC;szs

T

CHg—c-—-COCHCONH -

20

* l
CiiH3

P

CH3=C—COCHCONH-—

CH;

o

CH;j

C16H33

COCHCONH -

COOC12H>5
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CH3—C~—COCHCONH

[

|
CH3

NHCOCHO
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-continued

CO(I:HCONHQ

N

N~ -
\ o .

- COOCH>CH>OC12H>s

CaHs

S0O,CH3

: COOC1¢H33 |

COOH

COCHCONH—Q

Q-CsHu—-t

CsHiyp=t

COCHCONH

(

/

0012H25

COCHCONH

~

/

N

ba

OC16H33

Cl

Y-11

Y-12

Y-13

Y-14

Y-15
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. p -continued
-continue e
CsH1{CONH S—C14Hy9
/4
NHCOCH:
N
Cli
/4 20 /4
N N
~N X0
Cl
25
OC M-3
4Ho 30
CH3;CONH
(CH;3);CCONH S
/4
CgH17(t) 35
40
M-9
CaHoCONH SC14Hag M-4
CICH,CONHKH
/ 45 2
' /
N ~ ™ CONHC138H37
50
55
OC4Hg M-5 M-10
60
x CgH17(1)
o
Cl
65
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13 - 14 -
-continued | | 4044/82, 126833/81 and 122935/75, etc. (OPI herein
. M-11 used means an unexamined published Japanese patent
| application).
CH,CONH S C(>Hos pplication). _
5 | |
) |
N o " OH | -]
~ - | .
N ct _ | | CONH |
Cl |
| o 10 - |
| 0('3HC12H25 .
Cl | | M2 COOH -
' 15 L - ' c2
NH S P | -
| CONH |
HOC N, CONHCgH37 | | R
I ~N 7~ "o 20 |
O | - .
Cl_ - _Cl o | | | 0CH2CH25(|3HC12H25 _'
COOH
| - C-3
Cl | R
| - CONHCsHj
. _ | M-13 | -
- NH - '
_ }_& _ - 30 o ocngcms(lzﬂcl 2H>s
N - - COOH
¥e Cl | | OH - C4
| 3s CONHC;sHy;
Ci
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The foregoing compounds used in the present inven- OCHC14H>9
tion can be prepared by the methods as described in, for . éODH

example, U.S. Pat. Nos. 4,264,723, 3,227,554, 4,310,619
and 4,301,235, Japanese Patent Application (OPI) Nos.
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-continued
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OCH,C HgS(l:HC 12H25
COQH

The foregoing compounds used in the present inven-
tion can be easily prepared by the methods as described
in Japanese Patent Application (OPI) Nos. 1938/81,
3934/82 and 105226/78, etc.

The term “monodispersed silver halide emulsion”
referred to in the present invention means a silver halide
emulsion comprising at least 90% of the total silver
halide grains having a size within the range {rom 0.6 to
1.4 times the mean grain size which 1s determined by the
weight or number distribution of the total silver halide
grains obtained from the difference in the electric con-
ductivity measured when passed through an aperture.

The average grain size of the monodispersed emul-
sion used in the present invention is in the range from
0.1 micron to 3 microns and preferably from 0.4 micron
to 2 microns.

With respect to the composition of the silver halide,
any of silver bromide, silver chloride, silver chlorobro-
mide, silver 1iodobromide, and silver chloroiodobromide
can be used. Silver 1odobromide containing 2% by mole

~ or more of silver 10dide 1s particularly preterred in view

of the effects obtained.
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The monodispersed emulsion used in the present

invention can be prepared by the method as described in
U.S. Pat. No. 3,574,628 (incorporated herein by refer-
ence to disclose such a method), the method as de-

scribed in British Pat. No. 1,520,976, the so-called con-

trolled double jet method in which silver halide grains
are prepared by simultaneously mixing silver nitrate and
alkali halides while maintaining the pAg in the reaction
solution at a constant value, and the method in which
silver halide grains are subjected to gmwth under the
diffusion rate-determining conditions using ammonia as
described in Japanese Patent Application (OPI) No.
142325/70.

10

Gelatin i1s advantageously employed as a binder or a '

protective colloid for the silver halide photographic
emuision in the present invention but other hydmphlhc
colloids can also be used.

For example, there are proteins such as gelatin deriv-
atives, graft polymers of gelatin and other polymers,
albumin, casein, etc.; cellulose derivatives such as hy-
droxyethyl cellulose, carboxymethyl cellulose, celiu-
lose sulfuric acid esters, etc.; saccharide derivatives

such as sodium alginate, starch derivatives, etc.; and

various synthetic hydrophilic polymers such as homo-

polymers or copolymers, e.g., polyvinyl alcohol, poly-.

vinyl alcohol partial acetal, poly-N-vinylpyrrolidone,
polyacrylic acid, polymethacrylic acid, polyacryl-
amide, polyvinyl imidazole, polyvinyl pyrazole, etc.
- Gelatin used in the present invention includes lime-
treated gelatin, acid-treated gelatin, and the enzyme-
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- tivity increase, contrast increase, or development accel-
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- treated gelatin as described in Bull Soc. Sci. Phot. Japan,

‘No. 16, page 30 (1966). Further, hydrolyzed products or
enzyme- decompased products of gelatin can also be
used.

The formation of the silver halide grains or the physi-
cal ripening thereof may be performed in the presence
of a cadmium salt, a zinc salt, a lead salt, a thallium salt,
an iridium salt, or the complex salts thereof, a rhodium
salt or the complex salts thereof, or an iron salt or the
complex salts.

The silver halide photographic emulsion layers or
‘other hydrophilic colloid layers of the photographic

materials of the present invention may contain various
~surface active agents for the purposes of improving
coating properties, static prevention, slipping property,
emulsified dispersion, adhesion prevention, and photo-
graphic properties (e.g., development acceleration, con-
trast increasing, sensitization, etc.) =

Examples of such surface active agents are nonionic
surface active agents such as saponin (steroid series),
alkylene oxide derivatives (e.g., polyethylene glycol, a
polyethylene glycol/polypropylene glycol condensate,
- polyethylene glycol alkyl ethers, polyethylene glycol
alkylaryl ethers, polyethylene glycol esters, polyethyl-
ene glycol sorbitan esters, polyalkylene glycol alkyla-
mines, polyalkylene glycol alkylamides, polyethylene
oxide adducts of silicone, etc.), glycidol derivatives
(e.g., alkenylsuccinic acid polyglycerides, alkylphenol
polyglycerides, etc.), fatty acid esters of polyhydric
alcohols, alkyl esters of sugar, etc.; anionic surface ac-
tive agents having an acid group such as a carboxy
group, a sulfo group, a phospho group, a sulfuric acid
ester group, a phosphoric acid ester group, etc., such as
alkyl carboxylates, alkyl sulfonates, alkyl benzenesul-
fonates, alkyl naphthalenesulfonates, alkylsulfuric acid
esters, alkylphosphoric acid esters, N-acyl-N-alkyltau-
‘rines, sulfosuccinic acid esters, sulfoalkyl polyoxyethyi-
ene alkylphenyl ethers, polyoxyethylene alkyl phos-

- crylates,
acid, etc.
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phoric acid esters, etc; amphoteric surface active agents -
such as amino acids, aminoalkylsulfonic acids, ami-
noalkylsulfuric acid esters, aminoalkylphosphoric acid -
esters, alkylbetaines, amine oxides, etc.; and cationic
surface active agents such as alkylamine salts, aliphatic
or aromatic quaternary ammonium salts, heterocyclic
ammonium salts (e.g.,  pyridinium,
imidazolium, etc.), phosphonium salts or sulfonium salts
containing an aliphatic or heterocyclic ring.

The silver halide photographic emulsion layers of the
photographic materials of the present invention may
contain polyalkylene oxides or the derivatives thereof
such as the ethers, esters, amines, etc., thioether com-
pounds, thiomorpholines, quaternary ammonium salts,
urethane derivatives, urea derivatives, imidazole deriv-
atives, 3-pyrazolidones, etc., for the purposes of sensi-

eration. Practical examples of such additives are de-
scribed 1, for example, U.S. Pat. Nos. 2,400,532,
2,423,549, 2,716,062, 3,617,280, 3,772,021 and 3, 808,003,
British Pat. No. 1,488,991, etc.

The silver halide photographic light-sensitive materi-
als of the present invention may further contain a dis-
persion of a water-insoluble or water sparingly soluble

synthetic polymer for improving the dimensional stabil-

ity of the photographic materials. As such synthetic
polymers, there are polymers of monomers such as
alkyl(meth)acrylates, ~alkoxyalkyl(meth)acrylates,
glycidyl(meth)acrylate, (meth)acrylamide, vinyl esters
(e.g., vinyl acetate), acrylonitrile, olefins, styrene, etc.,

individually or as a combination of them or polymers of
these monomers and acrylic acid, methacrylic acid, a,
B-unsaturated dicarboxylic acids, hydroxyalkyl(meth)a-
sulfaalkyl(meth)acrylates, styrenesulfonic

For photographlc processing of the photographlc
light-sensitive materials of the present invention, any.
known processes and known processing solutions as
described, for example, in Research Disclosure, No. 176,
pages 28-30 (RD-17643) can be employed. The photo-

graphic processing may be a photographic process for

photographic process for forming dye image (color
photographic processing). The processing temperature
1s usually selected in a range from 18° C. to 50° C. but
may be lower than 18° C. of higher than 50° C.

As a fixing solution, an ordinary fixing composition

~can be used. As the fixing agent, a thiosulfate, a thiocya-

nate, or an organic sulfur compound which is known to

‘have an effect as a fixing agent can be used. The fixing

solution may contain a water-soluble aluminum salt as a

hardening agent.

For forming dye images, an ordinary process can be
employed. For example, there are a nega-posi process as
described in, for example, Journal of the Society of Mo-
tion Picture and Television Engineers, Vol. 61, pages
667~701 (1953), a color reversal process of obtaining a

: positive dye image by developing the photographic

65

material by a developer containing a black and white
developing agent to form a negative silver image, ap-
plying thereto at least one uniform light exposure or
other proper fogging treatment, and then performing a
color development.

A color developing solution used in the present in-
vention is generally composed of an aqueous alkaline
solution contaming a color developing agent. As the
color developing agent used in the present invention,
known primary argmatic amine developing agents in-
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cluding phenylenediamines (e.g., 4-amino-N,N-die-

thylaniline, 3-methyl-4-amino-N,N-diethylaniline, 4-
amino-N-ethyl-N-B-hydroxyethylaniline, 3-methyl-4-
amino-N-ethyl-N-8-hydroxyethylaniline, 3-methyl-4-

amino-N-ethyl-N-B-methanesulfonamidoethylaniline,
4-amino-3-methyl-N-ethyl-N-8-methoxyethylaniline,
~ etc.) can be used.

Other examples of the color developing agents used
in the present invention are described in, for example,
L. F. A. Mason, Photographic Processing Chemistry,
pages 226-229 (1966), published by Focal Press Co.,
U.S. Pat. Nos. 2,193,015 and 2,592,364, Japanese Patent
Application (OPI) No. 64933/73, etc.

The color developing solution used in the present
invention may further contain a pH buffer, a develop-
-ment inhibitor, or an antifoggant. Also, the color devel-
oping solution may further contain, if desired, a water
softener, a preservative, an organic solvent, a develop-
ment accelerator, a dye-forming coupler, a fogging
agent, an auxiliary developing agent, a viscosity impart-
ing agent, a polycarboxylic acid series chelating agent,
an antioxidant, etc. -

Practical examples of these additives are described in,
for example, Research Disclosure (RD-17643) and U.S.
Pat. No. 4,083,723; West Germany Offenlegungsschrift
No. 2,622,950, etc.

The silver halide photographic emulsion layers are
~usually bleached after color development. The bleach-

ing process may be performed either simultaneously
- with or separately from a fixing process. Usetful bleach-

..ing agents include compounds or a multivalent metal
~:such as iron (III), cobalt (I1I), chromium (VI), copper
(ID), etc., peracids, quinones, nitroso compounds, etc.

.. Examples of the bleaching agents are ferricyanides;

- dichromates; organic complex salts of iron (III) or co-
balt (III), for example, the complex salts of aminopoly-

- carboxylic acids such as ethylenediamine tetraacetic

-acid, nitrilo triacetic acid, 1,3-diamino-2-propanol tetra-
. acetic acid, etc., or organic acids such as citric acid,

--tartaric acid, malic acid, eic.; persulfates; permanga-
- <.nates; nitrosophenol, etc. Of these materials potassium

~ ferricvanide, sodium iron (III) ethylenediamine tetr-
aacetate and ammonium iron (III) ethylenediamine tetr-
aacetate are particularly useful. The ethylenediamine
tetraacetic acid iron (III) complex salt can be profitably
used for a bleaching solution or a monobath blixing
solution.

The bleaching solution of blixing solution may fur-
ther contain the bleach accelerator as described in, for
example, U.S. Pat. Nos. 3,042,520 and 3,241,966, Japa-
nese Patent Publication Nos. 8506/70 and 8836/70, the
thiol compound as described in Japanese Patent Apph-
cation (OPI) No. 65732/78, and other various additives.

The silver halide photographic emulsions used in the
present invention may be spectrally sensitized by meth-
ine dyes, etc.

Useful sensitizing dyes are described in, for example,
German Patent 929,080, U.S. Pat. Nos. 2,493,748,
2,503,776, 2,519,001, 2,912,329, 3,656,959, 3,672,897 and
4,025,349, British Pat. No. 1,242,588 and Japanese Pa-
tent Publication No. 14030/69. |

These sensitizing dyes may be used individually or as
a combination of them and a combination of sensitizing
dyes 1s frequently used for super sensitization. Typical
examples of such combinations are described, for exam-
ple, in U.S. Pat. Nos. 2,688,545, 2,977,229, 3,397,060,
3,522,052, 3,527,641, 3,617,293, 3,628,964, 3,666,480,
3,672,898, 3,679,428, 3,814,609 and 4,026,707, British
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Pat. No. 1,344,281, Japanese Patent Publication Nos.
4936/68 and 12375/78, and Japanese Patent Application
(OPI) Nos. 110618/77 and 109925/77.

The present invention can be applied to a multilay-
ered multicolor photographic material having at least
two differently sensitized photographic emulsion layers

on a support. A multilayered natural color photo-
graphic material usually has at least one red-sensitive
silver halide emulsion layer, at least one green-sensitive
silver halide emulsion layer, and at least one blue-sensi-
tive silver halide emulsion layer on a support. The order
of these emulsion layers can be desirably selected ac-
cording to the necessity. Usually, a red-sensitive emul-
sion layer contains a cyan-forming coupler, a green-sen-
sitive emulsion layer contains a magenta-forming cou-
pler, and a blue-sensitive emulsion layer contains a yel-
low-forming coupler but as the case may be, other com-
binations are employed.

The photographic materials of the present invention
may contain an inorganic or organic hardening agent.
Examples of such hardening agents as chromium salts
(e.g., chromium alum, chromium acetate, etc.), alde-
hydes (e.g., formaldehyde, glyoxal, glutaraldehyde,
etc.), N-methylol compounds (e.g., dimethylol urea,
methylol dimethylhydantoin, etc.), dioxane derivatives
(2,3-dihydroxydioxane, etc.), active vinyl compounds
(e.g., 1,3,5-triacryloylhexahydro-s-triazine, 1,3-vinylsul-
fonyl-2-propanol, etc.), active halogen compounds (e.g.,
2,4-dichloro-6-hydroxy-s-triazine, etc.), mucohalogenic
acids (e.g., mucochloric acid, mucophenoxychloric
acid, etc.), etc., and they may be used solely or as a
combination of them.

These photographic materials of the present inven-
tion may further contain ultraviolet absorbents in the
hydrophilic colloid layers. Examples of ultraviolet ab-
sorbents used in the present invention are a benzotriaz-
ole compound substituted with an aryl group, a 4-
thiazolidone compound, a benzophenone compound, a
cinnamic acid compound, a butadiene compound, a
benzoxazole compound, and ultraviolet absorptive pol-
ymers. These ultraviolet absorbents may be fixed in the
foregoing hydrophilic coiloid layers.

Practical examples of the ultraviolet absorbents are
described in, for example, U.S. Pat. Nos. 3,533,794,
3,314,794, and 3,352,681, Japanese Patent Application
(OP]) No. 2784/71, U.S. Pat. Nos. 3,705,805, 3,707,375,
4,045,229, 3,700,455 and 3,499,762, West German Pa-
tent Publication (DAS) No. 1,547,863, ctc.

The photographic materials of the present invention
may further contain water-soluble dyes as filter dyes or
for other various purposes such as irradiation preven-
tion, etc. Examples of such dyes are oxonol dyes, hemi-
oxonol dyes, styryl dyes, merocyanine dyes, cyanine
dyes, and azo dyes. Of these dyes, oxonol dyes, hemiox-
onol dyes, and merocyanine dyes are particularly use-
ful.

Practical examples of the water-soluble dyes are de-
scribed, for example, in British Pat. Nos. 546,708,
584,609, 1,265,842 and 1,410,488, U.S. Pat. Nos.
2,274,782, 2,286,714, 2,526,632, 2,606,833, 2,956,879,
3,148,187, 3,247,127, 3,481,927, 3,575,704, 3,653,905 and
3,718,472, etc.

The silver halide photographic emulsion layers of the
photographic materials of the present invention may
further contain known color-forming couplers, i.e.,
compounds capable of color forming by the oxidative
coupling with an aromatic primary amine developing
agent {e.g., a phenylenediamine derivative, an amino-
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phenol derivative, etc.) in color development in addi-
tion to the dye diffusible type couplers. Examples of
these color-forming couplers used in the present inven-
tion are such magenta couplers as 5-pyrazolone cou-
plers, pyrazolobenzimidazole couplers, cyanoacetyl-
cumarone couplers, open chain acylacetonitrile cou-
plers, etc.; such yellow couplers as acylacetamido cou-
plers (e.g., benzoylacetanilides, pivaloylacetanilides,
etc.), etc.; and such cyan couplers as phenol couplers,
naphthol couplers, etc. It is desirable that these couplers
are not-diffusible couplers having a hydrophobic group
called as ballast group in each of the molecules. These

10

couplers may be 4-equivalent couplers or two-equiva-

lent couplers with respect to silver ions. Also, these
couplers may be colored couplers having a color cor-
rection effect or couplers releasing a development in-

hibitor with the progress of development (so-called

- DIR couplers). Furthermore, the silver halide photo-
- graphic emulsions may contain non-color-forming DIR
-coupling compounds which form a colorless coupling
reaction product and release a development inhibitor.

For incorporating couplers in the silver halide emul-

sion layers in the present invention, a known method
such as the method described in, for example, U.S. Pat.
No. 2,332,027 can be used. For example, the coupler is
- dissolved in an organic solvent having a high-boiling
point such as a phthalic acid alkyl ester (e.g. dibutyl

s phthalate, dioctyl phthalate, etc.), a phosphoric acid
s ester (e. g., dipheny]_ _phosphate,- triphenyl phosphate,
.. tricresyl phosphate, dioctylbutyl phosphate, etc.), a

- citric acid ester (e.g., tributyl acetylcitrate, etc.), a ben-
zoic acid ester (e.g., octyl benzoate, etc.), an alkylamide
(e.g., diethyllaurylamide, etc.), a fatty acid ester (e.g.,
~ dibutoxyethyl succinate, dioctyl azelate, etc.), a trimesic
- acid ester (e.g., tributyl trimesate, etc.), etc., or an or-
‘ganic solvent having a boiling point of about 30° C. to
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150° C,, such as a lower alkyl acetate (e.g., ethyl acetate,

- butyl acetate, etc.), secondary butyl alcohol, methyl

- 1sobutyl ketone, B-ethoxyethyl acetate, methyl cello-

#- . .solve acetate, etc., and then the solution is dispersed in
“ wa hydrophilic colloid. A mixture of the foregoing or-
" ganic solvent having a high-boiling point and an or-

- ganic solvent having a low-boiling point may be used in
- the aforesaid method.

Also, the dispersing method using a polymer as de-
scribed in Japanese Patent Publication No. 39853/76,
Japanese Patent Apphcatlon (OPI) No. 59943/76, etc.
can be used.

‘When the coupler has an acid group such as a carbox-
ylic acid group or a sulfonic acid group, the coupler is
added to a hydrophilic colloid as an alkaline aqueous
solution of the coupler.

In the embodiments of the present invention the ef-
fect of the present invention is particularly large when
“the invention is applied to a high-sensitive silver halide
emulsion layer.

The invention is particularly preferred when the in-
vention 1s combined with a DIR coupler wherein the
diffusibility of the releasing group thereof is particularly
large or a DIR coupler having a timing controlling
group as described in Japanese Patent Application
(OPI) No. 145135/79 and British Pat. No. 2,072,363,
etc.

The present invention will further be explained more

specifically with reference to the following examples.

However, the scope of the invention is not limited to
these examples.
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EXAMPLE 1

Monodispersed Emulsion A was prepared in- the fol-
lowng procedure. |

One liter of an aqueous gelatin solution containing
0.01 mol of potassium bromide and 1.4 mols of ammonia
was put into a reaction vessel and to the solution were
simultaneously added 500 ml of an aqueous solution
containing 0.27 mol of silver nitrate and 500 ml of an _
aqueous solution containing 0.24 mol of potassium bro-
mide and 0.043 mol of potassium iodide over a period of
30 minutes while controlling the amount of additives in.
order to maintain a 0.2 g/l excess of the halogen ion
with respect to the silver ion. After neutralizing the
ammonia using an acid, to the mixture were simulta-
neously added 500 ml of an aqueous solution containing

0.62 mol of silver nitrate and 500 ml of an aqueous

solution containing 0.71 mol of potassium bromide and
0.01 mol of potassium iodide over a period of 30 minutes
while controlling the amount of additives in order to

‘maintain a 0.2 g/] excess of the halogen ion with respect

to the silver ion. The emulsion thus-prepared had size -
distribution in which 92% of the total grains present
were within the range of +40% of the mean grain size.

For compa.nson, Polydisersed Emulsion B was pre-
pared in the folowing procedure. |

An aqueous gelatin solution containing 0.3 mol of
potassium bromide and 0.036 mol of potassium iodide
was put Into a reaction vessel and to the solution were
simultaneously added an aqueous solution containing
1.3 mols of silver nitrate and an aqueous solution con-
taining 1.1 mols of potassium bromide and 0.042 mol of
potassium 1odide over a period of 40 minutes. The emul-
sion thus—prepared had size distribution in which 85%

~ of the total grains present were w1th1n the range of

+40% of the mean grain size.

Monc)dlspersed Emulsion A and Polydlspersed
Emulsion B were subjected to- after-ripening to the
optimum point in the conventional manner. |

These emlustions were used in the seventh layer and
Samples 101 to 103 were prepared in the following
manner. On a cellulose triacetate film support were

coated layers having the compositions set forth below

to prepare a multilayer color photographic light-sensi-
tive material. |
First Layer: Antihalation layer
A gelatin layer containing black colloidal silver
Second Layer: Intermediate Layer ._
A gelatin layer containing a dispersion of 2,5-di-tert-
octylhydroquinone |
Third Layer: First Red- Sensitive Emulsion Layer
A silver 10dobromide emulsion (iodide content: 5
mol%) silver coated amount: 1.79 g/m? |
Sensitizing Dye I: 6 X 10—> mol per mol of silver
Sensitizing Dye II: 1.5X 10— mol per mol of silver
Coupler A: 0.04 mol per mol of silver
Coupler C: 0.003 mol per mol of silver
Coupler D: 0.0006 mol per moal of silver
Fourth Layer: Second Red-Sensitive Emulsion Layer
- A silver iodobromide emulsion (iodide content: 4
mol%)
silver coated amount: 1.4 g/m?
Sensitizing Dye I: 3 X 10— mol per mol of silver
Sensitizing Dye II: 1.2 X 10~ mol per mol of silver
Coupler E: 0.02 mol per mol of silver
Coupler C: 0.0016 mol per mol of silver
Fifth Layer: Intermediate Layer
Same as the Second Layer
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Sixth Layer: First Green-Sensitive Emulsion Layer
A silver iodobromide emulsion (iodide content: 4

mol %)

silver coated amount: 1.5 g/m?
Sensitizing Dye III: 3 X 10— mol per mol of silver

Sensitizing Dye IV: 1 XX 10— mol per mol of silver
Coupler B: 0.05 mol per mol of silver
Coupler M: 0.008 mol per mol of silver
Coupler D: 0.0015 mol per mol of silver.
Seventh Layer: Second Green-Sensitive Emulsion
Layer
Polydispersed silver iodobromide emulsion B pre-
pared as described above (iodide content: 6 mol%)
silver coated amount: 1.6 g/m?
Sensitizing Dye III: 2.5 10—2 mol per mol of silver
Sensitizing Dye IV: 0.8 X 10— mol per mol of silver
Coupler B: 0.02 mol per mol of silver
Coupler M: 0.003 mol per mol of silver
Coupler D: 0.0003 mol per mol of silver
Eighth Layer: Yellow Filter Layer
A gelatin layer containing yellow colloidal silver and
~ a dispersion of 2,5-di-tert-octylhydroquinone
Ninth Layer: First Blue-Sensitive Emulsion Layer
A silver iodobromde emulsion (1odide content: 6

24

A silver iodobromide emulsion (iodide content: 6

mol%)

silver coated amount: 1.1 g/m?

Coupler Y: 0.06 mol per mol of silver
5 Eleventh Layer: Protective Layer

A gelatin layer containing polymethyl methacrylate

particles (having a diameter of about 1.5 microns)

A gelatin hardener and a surface active agent were
incorporated into each of the layers in addition to the
above described components.

The sample thus prepared was designated Sample
101. |

The compounds used for preparing the sample are as
follows:

Sensitizing Dye I: Pyridinium salt of anhydro-3,5'-
dichloro-3,3'-di-("ysulfopropyl)-9-ethyithiacarbocya-
nine hydroxide

Sensitizing Dye II: Triethylamine salt of anhydro-9-
ethyl-3,3'-di-(ysulfopropyl)-4,5,4',5'-dibenzothiacar-

20 bocyanine hydroxide
Sensitizing Dye III: Sodium salt of anhydro-9-ethyl-
5,5'-dichloro-3,3'-di-(ysulfopropyi)oxacarbocyanine
Sensttizing Dye IV: Sodium salt of anhydro-5,6,5,6'-
tetrachloro-1,1’-diethyl-3,3'-di-{ 8-[ 8-(y-sulfopropox-

10
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mol%) 25 y)ethoxylethyl }imidazolocarbocyanine hydroxide
tCsHii Coupler A CH Coupler E
OH - A CONHC6H33
I i /CONH(CH>)30 tCsHj '
| OCH>,CH,SCH>yCOOHR
Coupler B Coupler C
(|32H5
I-I11C5t0CHCONH
tCsHyy | CONH 7
N >~\
Cl i - Cl
Cl

Ci12H, 5COOCHOOC

CH 3
NHCOCHCONH

...--'
--“:~.-

silver coated amount: 1.5 g/m?
Coupler Y: 0.25 mol per mol of silver
Tenth Layer: Second Blue-Sensitive Emulsion Layer

COOCHOCOCQHH

N-——N—@—- NHCO(t)C4Ho

Coupler D

Coupler Y |
COOC2H>s

Coupler M

Sample 102: The sample was prepared in the same
procedure as described in Sample 101 except that an
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equimolar amount of Coupler M-3 was added in place
of Coupler B. -
Sample 103: The sample was prepared in the same
procedure as described in Sample 102 except that
- Monodispersed Emulsion A was used in the seventh 5
Layer.
When Samples 101 to 103 thus prepared were wedge-

- exposed to white light, they showed almost the same

sensitivity and same gradation.
The development processing used in this case was as 10
follows and each process was performed at 38° C.
1. Color development—3 min. 15 sec.
2. Bleaching—6 min. 30 sec.

472
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described in, for example, The Theory of the Photo-
graphic Process, 4th Edition, page 619. The size of the
measuring aperture was 10, |

Also, a 110 size film was prepared from each of Sam-
ples 101 to 103 in order to be subjected to a practical
photographing test. The photographed image was then
pnnted in cabinet size, and a mental evaluatlon of the
graininess was performed.

Furthermore, the Wiener spectrum (measuring aper-
ture was 10u) was measured on the granularity of the
magenta color image of each of Samples 101 to 103.

The RMS granularity and the mental evaluation re-
sults thus obtained are summarized in Table 1 below.

TABLE 1

W
RMS value of Magenta Image

Sample D = Dmin + 0.2 D = Dmin + 0.7 Mental Evaluation |
B T ST

Sample 101 0.050 0.039 The granularity was seen.
(comparison) | - | | |
Sample 102 0.044 0.037 - The granularity was comparatively

(comparison)

good but large mottles havinga
tinge of magenta were seen and
the granularity was rather badly
seen depending on the density.

Sarnple 103 0.039 0.036 Neither mottle nor granularity
(Present | - was seen.
invention)

3. Water washing—3 min. 15 sec.
4. Fixing—6 min. 30 sec.
5. Water washing—3 min. 15 sec.
- 6.5tabilizing—3 min. 15 sec.
The compositions of the processing solutions used in
the foregoing process were as follows.
Color developing solution:
Sodium nitrilotriacetate—1.0 g

30

Sodium sulfite—4.0 g 35
Sodium carbonate—30.0 g

Potassium bromide—1.4 g

Hydroxylamine sulfate—2.4 g
4-(N-Ethyl-N-g-hydroxyethylamino)- Z-methylam- 40

line sulfate—4.5 g
‘Water to make—1 liter
Bleaching solution:
Ammonium bromide—160.0 g
Aqueous ammonia (28%)—25.0 ml
Sodium ethylenediaminetetra-acetate iron salt—130.0
g |
Glacial acetic acid—14.0 m]
Water to make—1 liter
Fixing solution:
Sodium tetrapolyphosphate—2.0 g
Sodium sulfite—4.0 g
Ammonium thiosulfate (70%)-175.0 ml
Sodium hydrogensulfite—4.6 g
Water to make—1 liter
Stabilizing solution:
Formalin—_8.0 m]
Water to make—1 liter
- The granularity of the magenta color image of each
of these samples was evaluated by the conventional
RMS method. The evaluation of granularity by the
RMS method is well known to one skilled in the art and
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The results shown in Table 1 above indicate that -
Sample 102 using the dye diffusible type coupler has an
rmproved granularity in the RMS granularlty In com-
parison with that of Sample 101 but in Sample 102,
masses of dyes are seen at a high density area, which.
deteriorate the visual sensation of the graininess.

This can be explained by the Wiener spectrum shown
in FIG. 1 of the accompanying drawings.

That is, FIG. 1 shows that the Wiener spectrum of
Sample 102 using the dye diffusible type coupler is
disposed at a higher position than that of Sample 101 at

a lower frequency region than 5 cycles/mm, which

shows overlapping of dyes in Sample 102. On the other
hand, in Sample 103 using the dye diffusible type cou-
pler together with the monodispersed emulsion accord-
Ing to the present invention, the Wiener spectrum
thereof is disposed at a lower position than that of Sam-

ple 101 in the whole region, which coincides with the
good mental sensation of the graininess.

EXAMPLE 2

Sample 202 was prepared in the same procedure as
described 1n Sample 101 except that Coupler C-2 was
used in place of Coupler E and Polydispersed Emulsion
B was used 1n place of the emulsion used in the fourth
layer. Also, Sample 203 was prepared in the same pro-
cedure as described in Sample 202 except that Monodis-
persed Emulsion A was used in place of Polydispersed
Emulsion B in the fourth layer.

Each of Samples 101 and Samples 202 to 203 was
processed as described in Example 1, the RMS granu-
larity and the Wiener spectrum of each sample thus
processed were measured, and also the mental evalua-
tion of the graininess of each sample was performed.
The results thus obtained are shown in Table 2 below.

TABLE 2

M
- | RMS Value of Cyan Image |
Cyan Coupler* Emulsion* D =Dmin + 02 D = Dmin 4+ 0.7 Mental Evaluation |
m
Sample 101 Coupler E Polydispersed - 0.061 0.045 ~ The granularity was seen.

(comparison) Emulsion

Sample 202  Coupler C-2 Polydispersed 0.057 0.042 Large mottles having a tinge of
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TABLE 2-continued

RMS Value of Cyan Image

Cyan Coupler* Emulsion®

D=Dmin 4+ 02 D =Dmm+ 0.7

Mental Evaluation

(comparison) Emulsion

Sample 203  Coupler C-2 Monodispersed 0.050
(present Emulsion

invention)

*They were used for the fourth layer.

From the results shown in Table 2 above, it is appar-
ent that in Sample 202 using the dye diffusible type cyan
coupler, the RMS granularity may be small but large

mottles formed rather reduce the visual sensation of the 13

graininess thereof. This evaluation coincides with that

in the Wiener spectrum of FIG. 2, the spectrum of

Sample 202 is above that of Sample 101 at a lower fre-
quency region than 5 cycles/mm. On the other hand, 1n
Sample 203 using the dye diffusible type cyan coupler
together with the monodispersed emulsion, the Wiener
spectrum of Sample 203 is below those of samples 101
and 202 at the whole frequency region, which coincides
with the mental evaluation shown in Table 2 above.

While the invention has been described in detail and
with reference to specific embodiment thereof, it will be
apparent to one skilled in the art that various changes
and modifications can be made therein without depart-
ing from the spirit and scope thereof.

What 1s claimed is:

1. A silver halide color photographic light-sensitive
material exhibiting improved RMS granularity and an
improved visual sensation of graininess comprising a
support having thereon a blue-sensitive silver halide
emulsion layer, a green-sensitive silver halide emulsion
layer and a red-sensitive silver halide emulsion layer at

- least one of these silver halide emulsion layers contain-

ing a non-diffusible coupler which forms a properly

- smearing diffusible dye upon reaction with the oxida-

tion product of a color developing agent together with

- a monodispersed silver halide emulsion having an aver-
~ -age grain size of from 0.1 micron to 3 microns and

- wherein the monodispersed silver halide emulsion is a
silver 10dobromide emulsion containing 2% by mole or
more of silver iodide.

2. A silver halide color photographic light-sensitive
material as claimed in claim 1, wherein the non-diffusi-
ble coupler is represented by the following general
formula (1):

(Cp—Xq (1)
wherein Cp represents a diffusible coupler moiety; X
represents a group which is bonded to a coupling posi-
tion of the coupler moiety and is released by reaction
with the oxidation product of a color developing agent,
the group being a moiety including a ballast group hav-
ing from 8 to 32 carbon atoms; and a represents 1 or 2.

3. A silver halide color photographic light-sensitive
material as claimed in claim 1, wherein the non-diffusi-
ble coupler 1s present in an amount in the range of 0.005
mole to 0.2 mole per mole of silver.

4. A silver halide color photographic light-sensitive
material as claimed in claim 1, wherein the non-diffusi-
ble coupler 1s present in an amount in the range of 0.01
mole to 0.05 mole per mole of silver.

S. A silver halide color photographic light-sensitive
material as claimed in claim 2, wherein the non-diffusi-
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cyan were seen and the granularity
gave a poor visual sensation.
Neither large mottle nor
granularity was seen.

0.035

ble coupler is represented by the following general
formula (I) or (1I):

(I)

T
CH3“(I3—CO(I3HCONH
CH; X

(II)

|
XI’

wherein Ry, Ry, R3 and R4, which may be the same or
different, each represents a hydrogen atom, a halogen
atom, an alkyl group, an alkoxy group, an aryloxy
group, an acylamino group, a sulfonamido group, a
carbamoyl group, a sulfamoyl group, an alkylthio
group, an alkylsulfony! group, an alkoxycarbonyl
group, a ureido group, a cyano group, a carboxy group,
a hydroxy group or a sulfo group, wherein the total
number of the carbon atoms 1ncluded in Rjto Rais 10 or
less; and X' represents a group having a ballast group
containing from 8 to 32 carbon atoms which can be
released by coupling with the oxidation product of an
aromatic primary amine color developing agent.

6. A silver halide color photographic light-sensitive
material as claimed in claim §, wherein X' represents a
group represented by the following general formula

(III) or (IV):

(I1I)

(IV)

wherein A represents an oxygen atom or a sulfur atom;
B represents a non-metallic atomic group necessary for
forming an aryl ring or a heterocyclic ring; E represents
a non-metallic atomic group necessary for forming a
S-membered or 6-membered heterocyclic ring together
with the nitrogen atom, provided that each of these
rings may be further fused with an aryl ring or a hetero-
cyclic ring; D represents a ballast group; and b repre-
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sents a positive integer, provided that when b is the
plural number, Ds’ may be the same or different and the
total number of the carbon atoms included therein is
from 8 to 32, and further that D may have a bonding
group selected from —0O, —8§—, —COO—,
—CONH—, —SO;NH—, —NHCONH—, —SO7—,
—CQO—, and —NH—. |
7. A silver halide color photographic light-sensitive
material as claimed in claim §, wherein the non-diffusi-
ble coupler 1s represented by the fellowmg general

formula (V), (VI), or (VII):

Rs R (V)

/

%

(Re)r

/
AN ‘<“\\

N

g

(Re)r

(VI)

(VII)

.
PN

N R~
N N~
|
HN X"

.. wherein Rs represents an acylamino group, a anilino
e, group or a uretdo group; Re¢ and Ry each represents a

halogen atom, an alkyl group, an alkoxy group, an acyl-
~amino group, an alkoxycarbonyl group, an N-alkylcar-
bamoyl group, a ureido group, a cyano group, an aryl
group, an N,N-dialkylsulfamoyl group, a nitro group, a
hydroxy group, a carboxy group or an aryloxy group; f
represents O or an integer of 1 to 4, provided that when
f1s 2 to 4, Res’ may be the same or different, and further
that the total number of the carbon atoms included in
-Rsand (Re)rin the general formula (V) or (VI) and the
total number of the carbon atoms included in Rgand R7
in the general formula (VII) should not exceed 10; and

- X" represents a group represented by the following
general formula (VIII), (IX) or (X):

Rg), (VHI)
(IX)
N (X)
— N -~ oy
o (Rg)e

wherein g is an integer of 1 to 5; g’ is an integer of 1 to
3; Rg represents a substituted or unsubstituted alkyl

30

group, a substituted or unsubstituted aralkyl group, a

- substituted or unsubstituted alkenyl group, or a substi-
- tuted or unsubstituted cyclic alkyl group, the total num-
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ber of the carbon atoms incldued in (Rg), of the formula

- (VIII), Rg of the formula (IX), or (Rg)y of the formula

(X) being from 8 to 32.

8. A silver halide color photographic hght-sensnwe
matertal as claimed in claim 7, wherein the substituent
for the substituted alkyl, aralkyl, alkenyl or cyclic alkyl
group represented by Rg1s a halogen atom, an alkoxy
group, an acylamino group, an alkoxycarbonyl group,
an N-alkylcarbamoyl group, a ureido group, a cyano
group, an aryl group, a nitro group, an alkylthio group,
an alkylsulfinyl group, an alkylsulfone group, an anilino
group, a sulfonamido group, an N-alkylsulfamoyl
group, an aryloxy group, or an acyl group.

9. A silver halide color photographic light-sensitive
material as claimed in claim 2, wherein the non-diffusi-
ble coupler is represented by the following general

formula (XI) or (XII):
OH (XI)
Rij Rg
Rz Rij
Xﬂ'f
Rig R;; OH (XID
| }\' _-I\ Rio
]
‘\.
| / *---I"' R11
Ri3 : R X"

wherein Ry represents a hydrogen atom, an aliphatic
group having up to 10 carbon atoms, an alkoxy group
having up to 10 carbon atoms, an aryloxy group, an

acylamido group represented by the following general

formula (XIII), a sulfonamido group represented by the

following general formula (XIV), a ureido group repre-

sented by the following general formula (XV) or a car-
bamoyl group represented by the following general

formula (XVI):

~NH~CO-G (XIII)
—NH—S0;—G (XIV)
~NHCONH—G (XV)
G (XVID)
/
—CON
N
Gr .

wherein G and G’, which may be the same or different
and in which the total number of the carbon atoms
included in G and G' is from 1 to 12 in the formula
(XV1), each represents a hydrogen atom, excluding the
case that both G and G’ in the formula (XVI) are a
hydrogen atom, an aliphatic group having from 1 to 12
carbon atoms or an aryl group; R represents a hydro-
gen atom, an aliphatic group having up to to 12 carbon
atoms or a carbamoyl group represented by the general
formula (XVI]) above; R11, Ri2, Ri3, R14 and Rjs each
represents a hydrogen atom, a halogen atom, an alkyl
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group, an aryl group, an alkoxy group, an alkyithio
| groupf a heterocyclie group, an amino group, a carbon-

-~ or a carbamoyl group; J represents. a non-metallic

- atomic group necessary for forming a 5-membered or

6-membered ring; X'" represents a group having from 8

32

group, a sulfamoyl group, an alkoxy group or an aryl-

~ OXy group.

o amido group, a sulfonamido group, a sulfamoyl group

5

11. A sﬂverhahde coler photegraphlc llght—sensmve |

‘material as claimed in clalm 9, whereln J represents a

benzene ring.

- 12. A silver halide color photographlc llght-sensmve o

- material as claimed in claim 9, wherem X' represents

 to 32 carbon atoms which is bonded to the coupling

- position through —O—, —S— or —N==N— and is _

- group, an alkoxycarbonyl group, an acyloxy carbonyl

- group, an amido group, an imido group, a carbamoyl

10

- released upon coupling with the oxidation product of an ~
- aromatic primary amine color developing agent. |
- 10. A silver halide color photographic light-sensitive
material as claimed in claim 9, wherein the alkyl group
~or the aryl group represented by G or G’ is an alkyl
| group or en aryl group each substltuted w1th a halogenz B

- sented by X" contains a group capable of belng dlSSGCl- R
‘ated with an alkali. .
. 14. A silver halide color photographic llght-sensnwe |
material as claimed in claim 1, wherein the blue-sensi- =
‘tive silver halide emuision layer contains a yellow-form-

R - ing coupler, the green-sensitive silver hahde emulsion . :
. atom, a mtro group, a cyano group, a hydroxy group, a _ SR

'~ carboxy group, an amino group, an alkyl group, an aryl
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an alkoxy group, an aryloxy group, an alkylthio group

‘or an arylthio group each having 8 to 32 carbon atoms. - -

13. A silver halide color photographic light-sensitive
material as claimed in claim 9, wherein the group repre-

~ layer contains a magenta-forming coupler and the red- =
- sensitive silver halide emulsmn layer contalns a cyan R

formmg coupler
| ok ok &k ok ok
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